STUDY DESIGN: A review of the literature and three case reports. OBJECTIVES: Primary spinal melanoma (PSM) of extramedullary origin is a rare malignant condition with limited current literature in regards to its clinical course, magnetic resonance imaging (MRI) findings, treatment strategies and prognosis. We reported here three cases of PSM of extramedullary origin. SETTING: China, Guangzhou. METHODS: We report three cases of PSM of extramedullary origin. The clinical and radiological findings of these cases were retrospectively analyzed. RESULTS: The three cases were all of males aged 39, 47 and 76 years, respectively. The duration of their symptoms was 3 weeks, 2 months and 11 months respectively. The extramedullary tumors were all well-defined solitary tumors and were located at C4-5, L2-3 and T9-10, respectively. In one case, involvement of the intervertebral foramen was found. Preoperative MRI showed hyperintense T1W signals and hypointense T2W signals in all three cases and all tumors were clinically misdiagnosed as schwannomas. The patients received total or subtotal resection surgery without radiotherapy or chemotherapy. Patients were alive at 18 months, 27 months and 36 months postoperative follow-up, respectively. CONCLUSION: PSM of extramedullary origin is a rare malignant tumor that shows characteristic findings on MRI. Surgical resection is the preferred treatment strategy.
INTRODUCTION
Primary central nervous system (CNS) melanoma is a rare malignant condition, accounting for 1% of total CNS melanomas. 1 Primary spinal melanoma (PSM) of extramedullary origin is an even rarer tumor; its diagnostic criteria are that there are no melanomas in locations other than the CNS (such as in the skin, mucosa or retina), and that melanoma is confirmed by histopathology. 1 There are few published cases of PSM of extramedullary origin.
CASE PRESENTATIONS Case 1
A 39-year-old male experienced 2 months of bilateral lower limb weakness from the hip with associated numbness and a 10-day history of ataxic gait. Neurological examination revealed high bilateral lower limb muscle tension with 4/5 power response in both legs and abnormal superficial sensation below T12. Magnetic resonance imaging (MRI) examination showed an extramedullary tumor at the T9-10 level, with measurements 1.9 cm × 0.9 cm × 1.2 cm. The well-defined mass was hyperintense on T1W images, hypointense on T2W images and homogeneously moderate enhancement after contrast administration ( Figure 1 ). After exposing the dura, an oval-shaped black tumor was shown to be tightly adhered to the left T9 nerve root and spinal cord, and subsequently a subtotal resection of the tumor was performed.
Diagnosis of melanoma was established histopathologically. No other melanoma foci were found after comprehensive postoperative examinations. The patient did not receive chemotherapy, radiotherapy or immunotherapy due to economic reasons. After 7 months of postoperative follow-up, the patient was still alive with improved neurological function.
Case 2 A 47-year-old male presented with an 11-month history of right finger numbness. Neurological examinations showed upper right limb hypoesthesia focusing on the dorsum of the right hand. Motor strength of the right upper limb was weakened (4/5 power response). Cervical MRI showed an extramedullary tumor at the C4-5 level, with measurements 1.3 cm × 2.6 cm × 1.5 cm. The tumor had spread to the right intervertebral foramen. It was hyperintense on T1W images, hypointense on T2W images and slightly enhanced after contrast administration. More hypointense patchy areas were found inside the tumor on T2W images ( Figure 2 ). The patient underwent complete resection of the tumor with C5 nerve preservation. After the dura was opened, a solid black tumor growing along the right C5 nerve root was observed adherent to the spinal cord. Histopathology confirmed the tumor to be melanoma. No melanoma foci were discovered in any other parts of the body after comprehensive examination. The patient refused further postoperative radiotherapy, chemotherapy or 
DISCUSSION
The origin of PSM is still unclear; it may originate from melanoblasts accompanying the pia mater sheaths of vascular bundles or from neuroectodermal rest cells during embryogenesis. 2, 3 A systematic retrospective analysis of all the English literature on PSM of extramedullary origin published between 2000 and 2013 was performed. Papers were retrieved from PubMed using 'primary melanoma' and 'spinal' in 'All fields', '2000/01/01 to 2013/12/31' in the 'Date-Publication' and 'English' in 'Language'. A total of 24 patients with PSM of extramedullary origin have been summarized in a detailed table (Table 1) .
This tumor can occur at any spinal segment; however, there were slightly more cases in the cervical segments (39.3%, 11/28). The patients were 16-82 years (mean: 47 years old) without gender preference. The majority of tumors were solitary and only one patient with multiple foci was reported. 4 A few tumors originated from the nerve roots or had spinal nerve root involvement, [5] [6] [7] [8] [9] which led to the enlargement of the intervertebral foramen, and even spread outside the intervertebral foramen 2, 10 or destruction of the vertebral pedicles. 8, 11 Signs and symptoms of this tumor were nonspecific and dependent on location. 12 However, literature concerning the symptomatic bilateral papilledema induced by increased intracranial pressure 13 or the presence of subarachnoid hemorrhage-like symptoms have been reported, and thus clinicians should be aware of these rare presentations. PSM of extramedullary origin show typical changes on MRI. It presents with hyperintense T1W signals, hypointense T2W signals and varying enhancements. The characteristic MRI findings may be associated with melanin concentration and hemorrhages. The paramagnetic effect of stable, free radicals and blood products (methemoglobin) caused shortening of the T1 and T2 relaxation times in melanoma, consequently producing hyperintensity on T1W images and hypointensity on T2W images. Higher melanin concentration was associated with higher signal intensities on T1W images and lower signal intensities on T2W images. 15 In CNS melanoma, this typical sign was observed in less than half of the patients; 16 however, in our review of PSM of extramedullary origin, these typical changes were observed in 95% (20/21) of patients. Therefore, when an intraspinal extramedullary tumor shows hyperintense T1W and hypointense T2W signaling, melanoma should be suspected. 2 Clinically, PSM of extramedullary origin may be misdiagnosed as a neurogenic tumor (schwannoma), ependymoma, metastatic tumor, hematoma or meningioma.
3,5-7,9-11,17-19 Ninety percent of melanomas found in the CNS are metastatic tumors. 8 A thorough physical examination is required to rule out melanoma in other organs outside of the spinal cord, before a diagnosis of PSM can be established. Spinal schwannoma or meningioma lacks the characteristic signals (hyperintensity on T1W and hypointensity on T2W) on MRI examination, even in pigmented schwannoma or meningioma. 15 Spinal extramedullary hematoma usually presents with intense, 'knife-like' pain at the location of the hemorrhage ('coup de poignard') and subsequently progressive paralysis below the affected spinal level. These clinical features are different from those of primary melanoma. 20 Although the treatment of PSM of extramedullary origin has not yet been standardized, most researchers recommend total surgical resection. Radiotherapy (from 30 to 60 Gy; median dose: 33.5 Gy) is effective for local control and is reserved for palliation of symptoms due to spinal cord compression or as an adjuvant to laminectomy. 5, 6, 10, 11, 17, 18, 21 Melanoma is also refractory to most systemic chemotherapies. Currently, it has not been confirmed whether postoperative radiotherapy or chemotherapy (such as interferon, methotrexate and temozolomide) has a significant role in overall survival time. 5, 6, 10, 11, 17, 18, 21 Although immunotherapy is the current paradigm shift in management of melanoma, the role of immunotherapy in these rare and particular cases have not yet been documented in the literature.
Metastasis was observed in the patients at diagnosis or after surgery and the locations included the brain, lung, bone, systemic metastasis or the intraspinal metastasis. 3, 8, 17, 21, 22 Of the total 27 cases, only 2 cases had recurrence records. 14, 17 The survival time of PSM was between 2 weeks and 17 years (median time: Abbreviations: Ch, chemotherapy; da, days; Enh, enhancement; F, female; Hyper-, hyperintense; hypo-, hypointense; M, male; mo, months; NS, not stated; Rad, radiotherapy; wk, weeks; yr, years.
Primary spinal melanoma Q-Y Liu et al 7 months). Six patients died during postoperative follow-up. Because of limited follow-up data, the exact survival rate is still unclear and a comparison of prognosis cannot be performed between patients with postoperative radiotherapy and those with postoperative chemotherapy.
CONCLUSION
In summary, PSM of extramedullary origin is very rare. The preoperative diagnosis is primarily based on typical MRI presentations. The primary treatment strategy for this tumor is surgery, and additional postoperative radiotherapy or chemotherapy may be implemented if necessary.
